Based on China's patent data from 1985 to 2010, we find that behind the country's patent number explosion, the overall innovation content of Chinese patents has not achieved proportional growth. An important explanation for this phenomenon is the patent promotion polices (PPPs), which have prompted the quantitative expansion of patent applications and approvals, but have had negative effects on average patent quality, as proxied by patent application withdrawal rate and patent renewal rate.
Introduction
The numbers of patent applications and approvals in China have experienced drastic increases in recent years. And in 2011, China surpassed the U.S. and Japan to become the number one country in the quantity of patent applications. What have been driving such rapid growth? And how shall we evaluate such development? We intend to address these questions in the current study.
To preview our empirical findings, we document patterns in support of the argument that patent promotion policies (PPPs), which are measures adopted by various government agencies linking tax incentives and subsidies to patent ownership, have significantly contributed to the rapid growth in both patent applications and patent approvals in China. More importantly, we present evidence that the adoption of PPPs has led to a decline in average patent quality by multiple measures.
We make use of two databases in studying the sources and implications of patent expansion in China. The first database is the SIPO (State Intellectual Property Office)
Chinese patent record database for 1985-2010 with 5.59 million patent applications, which includes rich information on both patent applications and their applicants. In addition, we manually construct the second database on the PPPs, using information sources including Beida Fabao, Beida Fayi, and the Compendium of Chinese Laws (from the Chinese Court Website) to collect information on government patent promotion policies across regions in China.
Our study conducts two levels of investigations, where we adopt different analytical methodologies. At the provincial level, we use the differences-in-differences approach by relying on the variations in adoption time of the patent promoting policies (PPPs) across regions to explore the impact of PPPs on patent quantity and quality. At the patent level, we conduct a Poisson estimation and a survival analysis, using the withdrawal decision and the renewal status of a patent, respectively, as the measure of the patent's market value or quality. Both types of patent level analysis allow more detailed patent characteristics to be controlled for. In addition, the survival analysis enables us to distinguish the quality impact from the other two effects brought about by a PPP's adoption, i.e., the market demand effect and the innovation capacity effect (see Section 3 for more detailed discussion).
The remainder of the article is structured as follows: Section 2 provides background information on China's patent explosion in recent years and gives a brief review of the related literature. Section 3 describes patent promotion policies (PPPs) in China, followed by a stylized model of patent application to derive theoretical predictions of the PPP, as well as an overview of the patent application process to arrive at the various measures for patent quality. Data description is given in Section 4, while estimation results are offered in Section 5 and 6. Section 7 concludes with some discussion on endogeneity and future research.
China's Patent Explosion: Background and Literature Review
In this section, we will provide background information on the recent patent explosion in China, and then discuss patent promotion policies adopted by various government agencies. We will also review research work studying China's patent growth as well as the general literature relating innovation to government policies.
Patent growth in China. Since the 1980s, China's patent applications and approvals have experienced geometric growth. And with a growth rate substantially higher than other parts of the world, the country surpassed the U.S. and Japan in 2011
to become the largest patent applicant country (WIPO, 2011) . Figure 1 shows the number of patent applications and the number of patent approvals in China over the period of 1985-2012, while figure 2 compares the patent application quantities in China, Japan, and the U.S.. Clearly, China has witnessed a patent explosion over the past ten years or so.
Yet along with the rapid rise in patent numbers, the average quality of patents has shown some signs of declining. Figure 3 gives the percentages of patent applications accounted for by inventions, utility models, and exterior designs in China and Japan, respectively, between 1985 and . As shown in the graph, inventions make up only a small proportion of Chinese patents in most years, with the proportion falling since 2005, while the combined share of inventions and utility models among all patents has been declining throughout the period of 1985 and 2012. In contrast, the composition of different types of patents in Japan has remained largely constant since 1994, with invention percentage continuously above 80%. Given that the novelty standard for patent approval in China has been lower than international standard most of the time period, the differences between the two countries discussed above cannot be explained away by variations in patent standards. 1 Thus, a theory about why a patent explosion has occurred in China will need to account for both the increasing trend in patent quantity as well as the declining pattern in patent quality. We now turn to a brief review of the existing explanations for the patent explosion in China.
Literature review. While the occurrence of a patent explosion in China is beyond any doubt, academics and policy makers alike debate about what forces have been 1 Until 2009, the novelty standard in China was relative novelty, which required the patent application to show its novelty relative to other domestic entities. The third revision to the Patent Law changed the relative novelty requirement to the absolute novelty standard, which requires the patent application to show its absolute novelty, i.e., novelty around the world.
behind the rapid increase in patent applications and approvals. The answer to this question will not only shed light on the mechanisms that serve as the engine for innovation, but will also help predict the economic development consequences of the patent explosion. We now review related research work done in this area.
To summarize, the following theories contend to be the most relevant candidate for explaining why the patent explosion has occurred in China. The most optimistic argument is that China's innovation capacity has been improving rapidly, thus the fast growth in the number of patents, which is an important indicator of a country's ability to innovate. Hu, Jefferson, and Qian (2005) Both views above, however, fail to address the concurrent decline in patent quality during the time period. They also neglect a big part of the government's role in China's patent explosion. In addition to attracting FDI, investing more in science and technical training, and ushering in legal reforms that provide gradually improved protection for intellectual properties including patents, various government agencies have also implemented many direct measures to encourage innovation behaviors. In particular, since the 1990s, many provincial governments have issued policies that link tax incentives and subsidies to the possession of patents, especially for firms.
These policies give direct monetary incentives to apply for patents, hence potentially constitute a major reason for the fast rise in patent numbers in the past two decades.
We refer to such patent promoting policies as the PPPs henceforth, and the main advantage of the PPP explanation is that it can account for both the rising number and the declining quality of patents. Besides offering an alternative explanation for the patent explosion in China, the PPP argument also offers a very different evaluation of the country's rapid expansion of patent accumulation. Instead of joining the celebratory chorus for the fast improvement of innovative capacity, this argument sounds a warning siren for the decreasing average quality of Chinese patents. More generally, it makes a cautious note of the unintended consequences of government intervention in the innovation market.
In addition to the articles discussed above that directly study the patent explosion in China, the current study relates to the following two lines of research in general:
One is the literature on innovation, while the other is on public policy. In particular, our study relates closely to the sizable literature that explores the effects and affecting mechanisms of policies related to patents and innovation. Some studies give positive scores for the related policy initiatives, including Jaffe and Lerner (2001) , who find significant improvement in per unit R&D input patent output, controlling for patent quality, after federally sponsored laboratories were allowed to transfer patents in commercial transactions. Fleisher and Zhou (2010) Zhu and Xu (2003) analyze the impact of Shanghai city government's technology promotion policies on self-raised R&D input and patent output in large and medium-sized industrial firms. They find that government technology fund transfer and tax reduction both help firms raise R&D funds, yet only self-raised R&D expenditure helps increase patent output. Li (2012) find that the subsides for patent application and renewal fee play an important role for patent growth in China.
Other studies find effects opposite to the initial policy goals. Based on salary data for American researchers, Goolsbee (1998) find that government funding policies mainly result in higher income for researchers, have limited impact on research activities, and at the same time crowd out private R&D investment. Sakakibara and Branstetter (2001) analyze patent data from 307 Japanese firms and conclude that the Japanese patent reform of 1988, which increased patent rights, did not bring out significant impact on either R&D input or innovation output. Similarly, Mansfield (1986) only finds limited impact of tax deductibles on industrial firms' R&D expenses. Dan (2012) argues that the various patent promoting laws and policies will not achieve the expected results, but instead may bring about negative consequences and constrain the further improvement in patent quality for China, regardless whether the policies are patent application subsidies, monetary incentives, export subsidies, or other preferential treatments targeting high-tech firms. Zhu and Zhang (2012) also claim that the flaws in patent promoting policies will possibly induce a large number of rubbish patents.
To the strand of literature on innovation and public policy, our study makes the following contributions: First of all, we make use of micro level patent data to study how government policies impact patent applications and innovative behaviors in China regarding both quantity and quality. More generally, in our exploration into the effects of policy and regulation, we find additional empirical evidence for unintended consequences in the Chinese context. In particular, the PPPs, which aim to promote patent production, end up having a negative impact on average patent quality. This is consistent with the message from the regulation literature, where policy and regulation often fail to achieve the initial policy goal and sometimes even produce effects opposite to the initial intentions. Thus the current study may be able to offer lessons for the future policy making process related to innovation.
PPPs, Hypotheses, and Measures
In this section, we overview the patent promotion policies and the patent application process in China to help derive the implications of the PPPs on patent quantity and quality as well as the various measures for patent quality. words, is the benefit from increased patents sufficiently large to cover the cost?
Patent Promoting Policies.
Economic theory predicts that the monetary incentives provided in PPPs will induce more innovators to apply for patents, leading to a larger number of patent applications and patent approvals. But at the same time, the implications on patent quality may not as positive. Given that the approval process is not perfect, some innovations of inferior quality will inevitably get approved. Because the PPPs will mostly attract innovations of lower quality into the patent application pool, the percentage of such inferior innovations will likely increase, thus lowering the average quality of approved patents. To explicitly illustrate this point, we will present a simple model to describe the patent application process, which is then used to formalize two hypotheses regarding the impact of PPPs on patent quality. The later part of the article will empirically test the validity of these hypotheses.
Accordingly, the patent promotion policies studied in the current article satisfy two conditions: First, the policy has to primarily target patents; second, the policy has to include monetary incentives. We focus on provincial level PPPs, which are each Hypothesis development. We now outline the decision making process for patent application and derive some straightforward theoretical predictions. Consider an innovation with quality of x, whose owner of the innovation faces the decision of whether to apply for patent protection for the innovation. Assume that the filing cost for patent application is c and the distribution of patent quality has a frequency function of f(x). Further assume that the market value of a patent is an increasing function of patent quality, and without loss of generality, let the market value of the patent of quality x be x. Furthermore, when a patent promotion policy (PPP) is implemented, a patent holder is given a monetary reward valued at A.
Let p(x) be the approval probability for a patent of quality x, and we model the approval process as follows: The approval probability is a non-decreasing function of patent quality. Before the patent promotion policy is introduced, the owner uses the , while after the PPP implementation, it is given as xp x f x dx x * * ,. As shown by the proof included in the appendix, the average quality of approved patents after the PPP introduction is also lower than that before the PPP introduction, under the condition that p(x) is strictly increasing in x for x<x * . In other words, we will have the following theoretical prediction:
Theorem 3: The average quality of approved patents decreases after the implementati on of the PPP.
The prediction above requires the following two assumptions: (1) the patent office approves the patent application from a higher quality innovation with a higher probability; and, (2) the patent office does not enforce an absolute quality standard below x * , above which all patent applications will be approved. Combined together, these two conditions essentially assume that the patent office is not capable of perfectly distinguishing innovations with satisfactory quality from those with inferior quality unless the quality reaches a sufficiently level (above x * ), although their probability of approving an application with higher quality is higher than that of approving a lower quality application (see the complete proof in the appendix B). The later part of the study will empirically test the hypotheses discussed above, but we need to first introduce the various measures for patent quality.
Overview of patent system and measures of patent quality. We now provide a brief description of the patent system in China to help introduce the various measures for patent quality. The patent system in modern China was not established till 1985, when the Patent Law was first passed, followed by revisions in 1992, 2000, and 2008.
China's patent law defines three types of patents: inventions, utility models, and exterior designs, where inventions need both formality examination and substantive examination for approval and thus possess the highest quality, while the other two only require formality examination to get approved. The protection duration for inventions is twenty years, while that for utility models and designs is ten years. To begin any patent application, application materials need to be prepared and submitted, which can be handled by either a patent agent or the applicant himself. The procedures then differ depending on whether the application is for an invention or for the other types of patents.
For an application involving a utility model or an exterior design, a preliminary examination regarding formality is conducted, and the application is approved if no reason is found for rejection. In contrast, a much lengthier process ensues in an invention application. The patent bureau first goes through a preliminary examination, whose successful conclusion will be followed by the publication of the patent application eighteen months after its filing, where the publication of the patent application can also be accelerated at the request of the applicant. Within three years of the application, the patent bureau conducts the substantive examination of the application, if requested the applicant. In the case that the request for substantive examination is not made within the three year period, the application is considered withdrawn. Only after the successful conclusion of the substantive examination is the patent application approved, otherwise the application is rejected. Even after the approval, an invention or another patent could be invalidated by the patent re-examination committee, if the validity of the patent is successfully challenged.
To continue with these stages in the patent application process, various fees need to be paid. Within two months of the application's submission, the applicant needs to pay the application fee, and the invention publication fee and additional application fee in the case of an invention application. To request the substantive examination, a corresponding fee of RMB 2,500 is required. The applicant of an invention patent not approved two years after submitting the application also needs to pay the application maintenance fee starting from the third year. And if the applicant fails to pay in full and on time any of the fees listed above, the application will be considered withdrawn.
Finally, an annual fee has to be paid to maintain the patent rights, which rises substantially at three year intervals, and the failure to pay the annual fee will result in the termination of the patent rights.
Based on the description above, whether a patent application results in protectable patent rights or not is thus determined by both the patent examiner and the applicant.
While the examiner may reject an application because it does not satisfy the patentability requirement, the application may also decide to terminate the application because it is costly to continue the patent application process and the expected marketability or profit from the patent (if obtained) does not warrant the cost. In other words, patents with lower quality are more likely to be rejected by the patent examiner and they are also more likely to be withdrawn by the applicants themselves.
As a result, we will use withdrawal rate as a measure of average patent quality.
Similarly, it is costly to maintain patent rights after they are obtained, thus applicants with lower valuation of expected marketability or profit from their patents are more likely to stop paying annual fees, resulting in the termination of the patent rights.
Hence, we will also use the probability of patent renewal to measure patent quality.
Between the two measures discussed thus far, renewal rate is positively correlated with patent quality, while withdrawal rate is negatively correlated with patent quality.
Data Sources and Description
In this section, we describe the data sources used in the study as well as the preliminary patterns observed in the data. The first set of data sources provides information on the patent promotion polices at the provincial level in China. Using keywords including patent, award, preferential tax treatment, and subsidy, we access all provincial level legislations and regulations from Beida Fabao, Beida Fayi, and the Compendium of Chinese laws (maintained by the Chinese Court website) to locate all possible policies of interest. These three databases cover mostly the same materials but occasionally complement one another, thus combined together they include practically all legislations, regulations, and executive orders by central and local governments throughout the history of modern China. We then read through all legislations and regulations that pass the keyword selection to verify for accuracy, i.e., the legislation or regulation indeed provides monetary incentives for patent holders. As discussed in Section 3, we will use withdrawal rate, as well as renewal rate to measure patent quality in the empirical study. To compute the approval rate for a province in a year, we divide the number of patent applications filed in the year that are eventually approved by the total number of patent applications filed in that year.
Similarly, we replace the numerator with the number of application withdrawals to compute the withdrawal rate. For the renewal rate, we compute separate rates for different length of duration and we compute in the sample only patents that have terminated during our sample period. For example, to obtain the renewal rate after two years (or the two-year renewal rate) for a certain province in a certain year, we assign as the denominator the number of patents that are filed for application in the year, are eventually approved, and are terminated before 2010. And as the numerator, we assign the number of patents among the above that are renewed after two years. As a result, a higher renewal rate and a lower withdrawal rate correspond to higher average quality of patents.
Finally, we collect information on various provincial characteristics from various editions of China Statistical Yearbooks, including measures on population size, economic development, and human capital quality. Tables 2-4 give the descriptive statistics of the main variables used in the empirical analysis. As shown in Table 2, after the PPP implementation, both the per capita patent applications and the per capita patent approvals increased significantly, while both withdrawal rate and renewal rate decreased significantly, especially for firms. The changes in patent quantity and the change in renewal rate are consistent with the theoretical predictions in Section 3, but the change in withdrawal rate is the opposite to the prediction. We will explore these patterns in more detail later. Table 4 provides more information on patent quality based on their status. As discussed in Section 3.3, survival time is a good indicator for patent quality as it is costly to maintain a patent's active status. The average duration for all patents is 52.4 months, which is shorter than four and half years, whereas the average duration for domestic patents is even shorter at 48.4 months, about four years. Given that inventions have the legal protection for 20 years, whereas the other patents have it for 10 years, the difference observed above may be due to either the composition of patents or within group quality differences. A careful look at the data suggests that compared with domestic patents, inventions account for a larger proportion of foreign patents. Furthermore, foreign patents tend to have a longer duration on average. These patterns are consistent with foreign patents having higher quality, thanks to the comparative advantage in technology and capital possessed by foreign applicants. Compared to the legal protection period of 240 months and 120 months, the actual patent survival time is only about a third. Across different types of applicants, patent duration decreases from research institutions, to universities, to firms, then to individuals. But again, such differences may be explained by either the composition of patents or within group quality differences. Among patents applied by firms and individuals, which make up the largest proportion, the average duration for inventions, utility models, and exterior design is 85.5 months, 53.6 months, and 45.1 months, respectively, for firms, and 86.2 months, 48.4 months, and 42.5 months, respectively, for individuals. The statistics above is based on the sample for which patents have already been terminated, giving us the exact termination time. There are still many patents (52.4%) that did not terminate by the end of 2010, and a more careful examination will be conducted in the empirical part of the article to study these patent's termination decision. Withdrawal rate, invention application rejection rate, and invalidation rate can also be used to measure patent quality, with higher rates corresponding to lower patent quality. Among different types of applicants, withdrawal rate is lowest for firms, while invention rejection rate is lowest for universities, followed by research institutions, then by firms, and individuals have the highest rejection rate. In terms of invalidations, individuals again have the higher average rate, followed by firms, and then by research institutions and universities. Not surprisingly, inventions have a significantly lower invalidation rate than utility models and exterior designs, as they are much more difficult to get approved in the first place, implying higher quality requirement.
Empirical Findings: Province Level Analysis
We first explore the empirical implications of patent promotion policies at the provincial level by looking at how patent quantity and quality change after the introduction of the PPP. To measure quantity effects, we use per capita patent applications and per capita patent approvals, while patent quality is measured by withdrawal rate and renewal rate. 4 To take into account of determining factors other than the PPP, we control for various provincial characteristics in the following two-way fixed-effect estimation:
Y i,t =α+βPolicy i,t +γX i,t-1 + η i +μ t +ε i,t , (1)
where Y i,t is the outcome measure for province i in year t, Policy i,t is the corresponding PPP measure (=1 if the PPP has been in place before June 1 in year t, =0 otherwise), and thus β gives the effect of PPP on the outcome variable. A set of control variables are captured in X i,t-1 , which is a vector of provincial characteristics in the previous year, including population, per capita GDP, and per capita FDI (all in logs), when we use the data for the period of 1985-2010. 5 Provincial fixed effects η i and year fixed effect μ t are included to address other unobserved province and time 4 We also use the approval rate as the quality measure, which obtains the predicted negative effect, but the estimated coefficient is not statistically significant. 5 For the more recent period of 1998-2010, information on per capita R&D expenditure (in logs) and the percentage of industrial employment in R&D personnel is also available. In the robustness tests, we include the additional explanatory variables in the estimation. The results are included in the appendix.
variations, while ε i,t is the random error term.
PPP effects on patent quantity. The results from estimating model (1), using patent quantity as the outcome variable are shown in Table 5 , where the first three columns show the results using application numbers, while the last three columns use approval numbers. When using per capita applications as the outcome variable, we construct the measure using all patent applications, using only firm patent applications, or using only non-firm applications. And similarly, we use three different measures for per capita patent approvals. As shown in Table 5 , PPP has a positive and significant effect on both per capita patent applications. In addition, among applications filed by different applicants, those filed by firms and those filed by non-firms both experience large and significant increases. This is consistent Theorem 1 in Section 4, and the larger effect on firm patents is in line with the fact that PPPs mainly target at firms. Similarly, per capita number of patent approvals is also positively and significantly correlated with the implementation of the PPP. And again, the effect on patent approvals is significant for both firms and non-firm applicants.
It is worth noting that the effects on patent quantity are not only statistically significant, but also economically important. In particular, the number of patent applications increases by more than 1.7 per 10,000 residents after the PPP's implementation, which is the 57.45% of the standard deviation of per capita patent applications. Likewise, the number of patent approvals increases by close 1.2 per 10,000 residents after the PPP's implementation, which is the 50.16% of the standard deviation of per capita patent approvals. If we use year 2000 as a baseline, introducing the PPP will increase China's per capita patent applications and per capita patent approvals by 273.74% and 170.69%, respectively, which are equivalent to a rise of 347,000 patent applications and 216,000 patent approvals a year. The above results, therefore, are supportive of Theorem 1 in Section 4, which states that the implementation of PPPs helps improve patent quantity. The policy is thus effective in increasing patent quantity.
PPP effects on patent quality. As the ultimate goal of the PPP is to improve a region's innovative capacity, which is the key to sustainable economic growth in the long run, it is essential that the aggregate innovation content increases in step with the increase in innovation quantity. Hence, it is equally important to study the impact of PPP on patent quality, which we will now turn to.
In line with the discussion in Section 4, we will use withdrawal rate and renewal rate as the patent quality measures, and we expect withdrawal rate to be negatively correlated with patent quality, whereas renewal rate to be positively correlated with patent quality. Tables 6 and 7 gives the results from estimating model (1), with withdrawal rate and various renewal rates as the outcome variable, respectively, using data from 1985-2010 and 1998-2010 , respectively. Table 6 about here Table 6 shows that the implementation of a PPP is positively and significantly correlated with the withdrawal rate for patents filed by firm applicants, which are the main targets of the PPPs. The finding is consistent with the predictions of Theorem 2.
In other words, the average quality of patent applications (proxied by the withdrawal rate) has declined at the presence of the PPP and the patterns are particularly relevant for firms. Table 7 about here   Table 7 uses the renewal rate over 3 years and that over 5 years to measure patent quality. The results show that the presence of a PPP is negatively and significantly correlated with the renewal rates of patent applications, in support of the prediction of Theorem 3. In other words, the average quality of approved patents (proxied by the renewal rates) has declined at the presence of the PPP.
To summarize the results from the provincial level analyses above, we have observed an increase in quantity but a decline in average quality of patent applications and approvals, in response to the passage and implementation of patent promotion policies. We will move on to the patent level analysis next, which will allow us to control for more additional factors to further substantiate our empirical findings.
Empirical Findings: Patent Level Analysis
This section will make use of patent level data to further explore the quality implications of the patent promotion policies. We will begin with the study of how the PPP impacts the probability of withdrawal for invention applications, followed by a detailed survival analysis of the renewal decision faced by the patent holder, which is the focus of this section
Poisson estimation of withdrawal probability. We use the following Poisson regression model to estimate the effects of PPP on the probability of withdrawal for invention applications:
where y it is the count variable for the number of withdrawals that have occurred in province i up to year t, λ it is the expectation parameter corresponding to the Poisson distribution, which is further defined as a function of the various patent level characteristics, X it , as well as the policy variable apply after policy, indicating that the patent is applied after the implementation of the PPP. Thus the dummy, apply after policy, gives the PPP's patent level effect, corresponding to the provincial effect of the dummy PPP.
The results from the Poisson estimation are presented in Table 8 . As the coefficients shown are the estimated incidence-rate-ratios, the effect of the corresponding variable on the withdrawal probability is positive when the estimated coefficient is larger than one, and the effect on withdrawal probability is negative when the estimate is smaller than one. It is thus clear from the table that, for patent applications filed by firms, the probability of withdrawal becomes higher after the PPP is implemented. But for patent applications from non-firms, the withdrawal probability does not show a clear pattern with regard to the PPP implementation. As the PPP's main focus is on firms, the results are again in line with Theorem 2, which predicts lower average quality of patent applications in response to the PPP.
Table 8 about here
Survival analysis of renewal probability. The patent level analysis can fully utilize the detailed information available for each patent, thus allowing us to present a richer picture based on more reliable exploration. The survival analysis provides an additional advantage: When using provincial level data, the renewal rate cannot be computed for patents until they are terminated, thus a large proportion of patent information is lost, which can be recovered in the survival analysis.
But the survival analysis also poses some additional challenge. Section 4 discusses the PPP effect on patent quality and predicts that the average quality of approved patents will be lower if they are applied after the PPP's implementation (see Theorem 3). When we use renewal probability to measure patent quality, this implies that these patents will be renewed with a lower likelihood at any given time after controlling for other factors. In the survival analysis, however, a patent owner with the decision to make on whether to renew a patent also considers the market demand in each year, which is influenced by the presence or absence of the PPP. If there exists patent promotion policies in the province, then the patent owner can expect a higher likelihood of his patent finding a buyer, who either aims to secure monetary rewards from the government directly using the purchased patents or plans to use the bought patent to help develop new patents. The first scenario may apply when firms purchase patents from individual owners as the PPP may only apply to corporations, while the second scenario applies more generally.
As a result, while the PPP effect discussed in Section 4 predicts a lower average renewal probability due to the selection of more inferior innovations into the patent application process, the impact of patent promotion policies on market demand discussed above implies a higher renewal probability. Henceforth, we will refer to the quality effect discussed in Section 4 as the selection effect and the effect on the availability of potential buyers for existing patents as the market demand effect. It is thus crucial to distinguish the selection effect and the market demand effect, and we use the following Cox proportional hazards model to estimate these two effects separately:
h(t/X)=h 0 (t) exp(β 1 apply after policy+β 2 policy+…+βpXp), (4)
where h(t/X) is the hazard function of a patent in year t, i.e., the conditional probability that the patent will not be renewed, given that it has been renewed until time year t. The two variables of interest to us include: apply after policy, an indicator for whether the patent was filed after the PPP is implemented, and policy, the PPP dummy indicating whether a PPP is present in that year in the province where the patent is located. Thus, β 1 and β 2 measure separately the selection effect and the market demand effect of the PPP. As the hazard function model the non-renewal decision, a positive β 1 will provide supporting evidence for the selection effect, while a negative β 2 will substantiate the market demand effect. In addition, we include various patent level characteristics such as patent applicant information, province information, field information, and the year of approval.
Finally, we take into account of the possibility that firms responding to the PPP by increasing their R&D input and thus improving their innovative capacity over time.
Note that this is probably the government's presumption when implementing the PPPs.
We refer to this beneficial effect of the PPP as the R&D capacity effect, and a plausible assumption regarding this effect is that it increases over time. Thus we include the length of time after the PPP is implemented in the following estimation to capture the R&D capacity effect. Table 9 gives the estimation results based on model (4), while Table 10 gives results from estimating model (5). In each table, the first column presents the effects on patent hazard ratio using the whole sample of data, the second and the third columns present results using the subsamples of patents applied by firms and those applied by non-firms, respectively, while the last three columns study the subsamples of invention, utility model, and design patents, respectively. Table 9 about here As the coefficients shown in the tables are the estimated effects on the hazard ratio, a number larger than unity implies a positive effect on the hazard ratio and thus a negative effect on the patent getting renewed. Therefore, the results in Table 10 show that the apply after policy dummy, which captures the selection effect of PPPs, consistently reduces the renewal likelihood of a patent, regardless whether the patent is applied by a firm or a non-firm entity, and regardless of the type of the patent (an invention, a utility model, or a design). The market demand effect, captured by the policy dummy, on the other hand, varies across patent applicant types and patent types.
h(t/X)=h 0 (t) exp(β 1 apply after policy+β 2 policy+β 3 year after policy+…+βpXp). (5)
While the presence of a PPP seems to increase market demand for non-firm patent applicants and inventions and utility models (as evidenced by effects on hazard ratio lower than one), it tends to reduce market demand slightly for firms and design patents. Table 10 about here   Table 10 presents the results with years after policy included to capture the R&D capacity effect. As seen in the result table, the significant and negative selection effect on patent quality largely remains, while the market demand effect continues to be ambiguous. In addition, there is evidence that the presence of PPP may have a small but positive effect on the R&D capacity of the local firms and residents, as evidenced by the smaller than unity and mostly significant effect of years after policy on patent the hazard ratio.
Discussion and Conclusion
Using provincial and patent level data, we have found evidence showing the effects of patent promotion policies (PPP). In terms of patent quantity, the results
show that the implementation of the PPPs has unambiguously increased the numbers of patent applications and patent approvals, largely explaining China's patent explosion in recent years. But in terms of patent quality, the empirical findings suggest that the incentives provided by the PPPs and the resultant larger numbers of patent applications and patent approvals are accompanied by a decline in both the average quality of patent applications and the average quality of approved patents.
While the withdrawal rate among patent applications has increased in response to the PPP, the renewal rate among approved patents has decreased.
A cautious reader may be concerned with the potential issue of endogeneity related to our findings. Specifically, provinces that have adopted the PPP may have certain other characteristics that will account for the patent quantity hike and the patent quality decline. Thus, the observed correlation between PPP adoption and changes in patent quantity and quality should not be interpreted as causal. To this concern, we provide the following responses. First of all, as shown in Table 1 , there are no clear patterns in terms of economic development level or geographic locations between regions that have adopted the PPP and those that have not. But in future research, we will continue to explore other dimensions of regional variations to better rule out the possibility of different underlying trends regarding innovation capacity.
Secondly, even if the provincial government was to predict future trends and to make patent promotion policies accordingly, it would be extremely difficult to forecast both the quantity change and the quality change in patent applications and approved patents, since patent approvals are made by the Patent Office at the national level. To the extent that the provincial government is able to influence the approval decisions made by the Patent Office, a provincial government that has adopted a PPP would have the incentive to convince the Patent Office to lower the approval standard for patent applications filed from its own region. This will result in a potential downward bias on the selection effect estimated in our analysis, thus further strengthening our results.
We also conduct additional robustness checks, including using separate policy In conclusion, we have produced a substantial amount of empirical evidence that the adoption of patent promotion policies at the provincial level has a positive impact on patent quantity but a negative impact on patent quality. In addition, we found that there is potentially a small positive effect on the R&D capacity in the region with the PPP. While the positive impact may be supportive of the main justification for the government to adopt the policy, our findings highlight the unintended consequences on patent quality of government policies regarding innovation.
In the on-going investigation, we are working to estimate the monetary value for each patent based on the renewal payment based patent value model. This will allow us to directly compute the benefit from the patent promoting policies through increased patent quantity as well as the cost of the PPPs through lowered patent quality. Combining these estimates together, we will be able to evaluate more definitively whether the adoption of such policies is justifiable for the fiscal revenue loss. Notes: Standard errors are in parentheses. *** Significant at 1%. **Significant at 5%. * Significant at 10%. Notes: Standard errors are in parentheses. *** Significant at 1%. **Significant at 5%. * Significant at 10%. Notes: Standard errors are in parentheses. *** Significant at 1%. **Significant at 5%. * Significant at 10%. Notes: Standard errors are in parentheses. *** Significant at 1%. **Significant at 5%. * Significant at 10%. 
